Although acute food deprivation and chronic food restriction both result in body weight loss, they produce different metabolic states. To evaluate how these two treatments affect hypothalamic peptide systems involved in energy homeostasis, we compared patterns of hypothalamic neuropeptide Y (NPY), agouti -related protein (AgRP), proopiomelanocotin (POMC) and leptin receptor gene expression in acutely food deprived and chronically food restricted rats. Both acute food deprivation and chronic food restriction reduced body weight and circulating leptin levels, and resulted in increased arcuate NPY and decreased arcuate POMC gene expression. Arcuate AgRP mRNA levels were only elevated in acutely deprived rats. NPY gene expression was increased in the compact subregion of the dorsomedial hypothalamus (DMH) in response to chronic food restriction, but not in response to acute food deprivation. Leptin receptor expression was not affected by either treatment. Double in situ hybridization histochemistry revealed that, in contrast to the situation in the arcuate nucleus, NPY and leptin receptor mRNA expressing neurons were not co-localized in the DMH. Together, these data suggest that arcuate and DMH NPY gene expression are differentially regulated. DMH NPY expressing neurons do not appear to be under the direct control of leptin signaling. Bi et al. p.3 Hypothalamic peptide signaling systems play an important role in the controls of food intake and body weight. Neuropeptide Y (NPY) is a potent hypothalamic orexigenic peptide (13, 22, 33). Centrally administered NPY causes robust increases in food intake and body weight, and with chronic administration, can eventually produce obesity (32, 38). Although NPY immunoreactivity is widely distributed throughout the hypothalamus, NPY is primarily localized in neuronal populations within the arcuate nucleus and dorsomedial hypothalamus (DMH) (3, 12, 16) . Both arcuate and DMH NPY neurons project to the paraventricular nucleus (PVN) and roles for both of these NPY neuronal populations in the controls of food intake and energy balance have been proposed (19, 24).
has yet to be demonstrated. Alterations in either NPY expression in the leptin deficient obese (ob/ob) mouse (21) or NPY peptide levels in the obese (cp/cp) corpulent (Koletsky) rat (36) with a null mutation of the leptin receptor (20, 34, 37) have been noted in the arcuate nucleus but were not found in the DMH.
Data such as these suggest the possibility that the regulation of arcuate and DMH NPY mRNA expression may differ. A number of the studies demonstrating alterations in DMH NPY activity have employed paradigms involving prolonged alterations in energy balance: lactation, chronic food restriction or prolonged obesity (8, 17, 18, 21, 23, 30, 35) . Thus, we hypothesized that DMH NPY signaling may play an important role in the long-term control of food intake and in response to situations of increased energy demand, and in contrast to arcuate NPY signaling, DMH NPY signaling may be not under the control of leptin. In the present experiments we sought to compare whether arcuate and DMH NPY mRNA expression were differentially regulated in response to acute food deprivation, a challenge that has been previously demonstrated to engage leptin dependent systems (1, 28) , and prolonged food restriction, a challenge that may engage additional regulatory systems. In addition to analyzing hypothalamic NPY systems, we have also compared patterns of hypothalamic gene expression for proopiomelanocotin (POMC), melanocortin receptor antagonist agouti-related protein (AgRP) and leptin receptor in response to acute food deprivation and chronic food restriction by in situ hybridization techniques. As well, we have determined rates of body weight loss and plasma levels of glucose, leptin and insulin in acute food deprived and chronic food restricted rats. Moreover, we have examined the localization of NPY and leptin receptor mRNA expression in the DMH to determine whether or not these are contained within the same neuronal populations.
Materials and Methods
Animals and feeding challenges. 18 male Sprague-Dawley rats (Charles River Laboratories, Inc.) weighing 200-225 g were individually housed and maintained on a 12:12-h light-dark cycle (lights on at 6:00 AM) in a temperature-controlled colony room. At the beginning of the experiment, rats were divided into 3 groups. One group of 6 rats had access to standard chow ad libitum for 14 days and served as ad lib-fed controls. Food intake was measured daily. The second group of 6 rats was treated as the chronic food restriction group and their daily food intake was limited to 70% of the amount that was consumed by ad lib fed rats. Their food was supplied each day 2 hours before the lights off. The regimen of food restriction lasted for 14 days. The third group of 6 rats was the acute food deprivation group. They were maintained for 12 days with ad libitum food access and were food deprived for the final 48 hours before sacrifice. All rats had tap water available ad libitum and their body weights were measured daily. At the end of the experiments, all rats were sacrificed between 9:00 and 11:00 AM. The rats were decapitated under ether inhalation anesthesia. Trunk blood was taken for evaluation of plasma levels of glucose (Glucometer Elite, Bayer), leptin and insulin (Rat leptin and insulin RIA kits, Linco Research, Inc.) as previously described (8). Brains were removed and rapidly frozen for subsequent analyses of gene expression.
Cryosections and Riboprobes. 14 µm coronal section through the PVN, arcuate nucleus and DMH were taken via cryostat, mounted on superfrost/plus slides (Fisher Scientific), and fixed with 4% paraformaldehyde. 6 sections per brain were anatomically matched among animals for each hybridization assay in the same condition. For statistical analysis, data were analyzed using one way ANOVA across the three experimental groups and planned t comparisons (P < 0.05 was taken to be a statistically significant difference).
Results

Effects of acute food deprivation or chronic food restriction on body weight and plasma levels of
glucose, leptin and insulin. As shown in Figure 1 , chronic food restriction resulted in a reduced rate of body weight gain and acute food deprivation produced body weight loss over the period of 2 day food deprivation. At sacrifice, as shown in Table 1 , acutely food deprived rats weighted 17.9% less than ad lib-fed controls (p < 0.05) and this deprivation period resulted in a reduction in circulating leptin levels from 6.66 + 1.34 to 1.31 + 0.03 ng/ml (p < 0.05). Plasma glucose concentration was significantly decreased from 206 + 12.1 to 86 + 13.6 mg/dl (p < 0.05) and insulin levels fell from 2.53 + 0.24 to 0.16 + 0.06 ng/ml (p < 0.05). Chronic food restriction resulted in 27.3% less body weight gain than that of ad lib fed controls (p < 0.05) and at sacrifice these rats weighed 9.4% less than the acute food deprivation group (p < 0.05). Chronic food restriction also significantly reduced plasma leptin levels from 6.66 + 1.34 to 2.17 + 0.33 ng/ml (p < 0.05), a level not different from that of the acutely food deprived rats.
However, in contrast to the reductions in response to food deprivation, rats with chronic food restriction had normal plasma glucose and insulin levels ( Table 1) .
Alterations in hypothalamic gene expression in response to feeding challenges. Within the arcuate nucleus, both acute food deprivation and chronic food restriction resulted in significant changes in NPY and POMC gene expression as measured by in situ hybridization (Figure 2 ). Arcuate NPY mRNA was increased to 251% and 156% of ad lib-fed control levels in food deprived and food restricted rats respectively (p < 0.05 in both cases). Planned t comparison revealed that the increase in response to food deprivation was significantly greater than that found in response to the restriction paradigm (p < 0.05). Arcuate POMC gene expression was decreased by both treatments, reduced by 22.6% in response to acute food deprivation and 26.4% in response to chronic food restriction (p < 0.05). As shown in In contrast to these patterns of changes in the arcuate nucleus, NPY gene expression in the DMH was significantly affected by chronic food restriction but not by acute food deprivation. As shown in Together, these data suggest multiple controls of hypothalamic peptide systems involved in feeding control.
Aspects of these data are consistent with previous findings demonstrating that treatments that decrease endogenous leptin levels result in alterations in patterns of hypothalamic gene expression that promote behavioral and metabolic responses to increase food intake and decrease energy expenditure (1, In the ARC, NPY gene expression was increased in both food deprived and restricted rats, while POMC mRNA levels was reduced in response to both feeding challenges. Levels of ARC AgRP mRNA was increased in food deprived but not in food restricted rats. Relative mRNA levels were normalized to ad lib-fed controls as 100 %, values are mean + SEM, n = 6 per group, a P < 0.05 compared with ad lib-fed controls, b P < 0.05 comparison of acute food deprivation versus chronic food restriction (One way ANOVA across the three groups and planned t comparison). 
